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ABSTRACT

in this paper the design and performance of asingle screen frequency select ive
surface (¥'SS) with gridded square loop patch clements are described for diplexing the X-
and Ku- band signals in an orbiting Very Long Basclinc Interferometer (OV].BI) earth
station reflector antenna system. 1 ixcellentagreement is obtained betweenthe pre.dieted and
measured results. This validates the 1SS design using the gridded square element. As the
gridis sandwiched between two 0.035” thick Tefion (or PT1)5) slabs, the resonant frequency

drift is reduced by 1GHz with the incident angle steered from normal to 40°.



INTRODUCTION

Orbiting Very Long Bascline Interferometer (OVIBI) is a new branch of radio
astronomy, involving extensionof the V] .Bltechnique to include radio tc]c.scopes placed
inorbit around the carth. Typically, VI.B] involves simultancous observations from widely
separated radio telescopes, followed by corrclation of the signals receivedat cachtelescope
in a central processing facility, VI.BI has been animportanttechniquein radio astronomy
for over 20 years because it produces images whose angular resolution is far higher than
that of any other technique.

Currently, the Nation a Radio Astronomical Observatory (NRAQ) is construct ing an
carth station at Green Bank, West Virginia to communicate, with two OVIBI satellilcs, i.e.,
the Russian RADIOASTRON and the VI.BI Space Observatory Project (VSOP) by Japan,
as illustrated inl¥igure 1. The frequency allocations for the communication between this
carth station andthe two satéllite.s arc inthe X-and Ku-bands, as describedin ‘Jable 1.'To
meet this dual-band communicationrequirement, the multi-reflector antenna with a flat
pane.l frequency Select ive surface. (1'SS) m dichroic, as shown in I'igure 2, has been
proposed. In this configuration, the flat 1'SS should be designedtoreflect Ku-band signals
(13.5 to15.5GHz) and to pass X-bandsignals (7 to 9 GHz). Because the satellite link is
in circular polarization, the I'SS must have similar response, toleft - andright- handcircular
polarizations (1 1ICP and RIICP),and by extension, to transverse electric and transverse
magnetic (1'1{and TM)incidence. Inorder to reduce the antenlla’s noise temperature, the
RJ* insertion loss (including the ohmic loss) of the I'SS shouldalso be minimized for

incident angle range fromnormalto 40°.

Inthe past, the cross-dipole patchelement 1SS was used for the subreflector design




in the reflector antennas of Voyager [1] for reflecting the X-band waves and passing the S-
band waves, andthe Tracking and Data Relay Satellitc System (TIDRSS) for diplexing the
S- and Ku- band waves [2]. The characteristics of the cross-dipole element 1SS changes
drastically astheincidentangle issteered from normal to 40°. Thus alarge band separation
is required to minimize the RY losses for these dualband applications. 'T'his is cvidenced
by the reflection and transmission band ratio (fl/f,) being 7:1for single screen 1SS [?] or 4:1
for double screen ISS[1]with cross-dipole patch clements. Better elements arc. definitely
nceded to achieve smaller frequency-band separations (f/f,= 14.5/8.0 :1 .8) and less
sensitivity to the incident angle variation as state.d inthe above mentionedrequirements.

I:SSs with gridded square loop patch clements (3], as shownin Figure 3, have been
dc.signed for frequency-band rat io (f,/f,) from1.5t0 2. ‘I heresonant frequency isfairly stable
with respect tochanges in the incident angle and polarizations. The grid gecometry is
symmetrical in the xand y directions. Thisimplics that it is also good for circular
polarizations. Therefore, the gridded square loop 1'SS was sclected for th is specific

application. The ¥SS design and its ne rformance arc. de seribe din the following sections.

Thin Screen Design Approach
To minimize the ohmic loss, the conducting gridded squ arc loop patches, as shown
inYigure 3, were printed on athin Xapton film (with 0.003" thickness, 3.5 dielectric constant
and 0.01 loss tangent). The grid dimensions arc give.n in ‘1'able 2. This thin sereen I'SS can
be supported by a fiberglass frame or by a rigid and RI-transparent foam block. “J he
analysis and design of this gridded square loop 1SS arc base.d on the accurate and versatile

integral equation technique with subdomain expansion functions describedin [4].




The predicted transmission performance of this thin sereen gridded square loop 1SS
is illustrated in Figure4as a function of the incident angle and frequency for bothTE and
‘I'M polarizat ions. Figures 5 and 6 show the good agreement representatively between the
predictedand measured performance at ®; = 30° with 11 and TM polarizat ion, respectively.
This verifies the gridded square loop }SS’s designapproach as well as the accuracy of the
design software. ‘1'able 3 summarizes the computed RT losses of this thin dichroic. The loss

at 7, 8 and 9 Gllz is the transmission loss, and the 10ss at 13.5, 14. S and15.5 GHz is the

reflection loss.

Improved Design Approach

Notice in Figure 4the resonant frequency shifts about 1.5 G117 as the incident angle
issteered from normal to 40°. ITowever, it. was found that, by diclectrically loading the thin
I'SS, one can stabilize the resonant frequency drift ducto variations in tile incident angle
and the field polarization[5-8). Thercfore, this thinsereen 'SS may further be sandwiched
betweentwo low loss teflon (or PTELY) slabs (with 2.2 dielectric constant and 0.005 loss
tangent), as illustratedinFigure 3, 1o reduce the resonant frequency drift (or enlarge the
reflection bandwidth). Duc to the dielectric loading, the grid dimensions are scaled down
as listed in “Jable, 2 for this design. Figure 7 snows the predicted transmission performance
when the grid is sandwiched between two 0.035" thick teflon slabs. Figures 8 and 9 show
representatively the good agreement between the predicted and measured results at @, =
30°for “1'1 {and TM polarization, respectively. Not e the resonant frequ ency shift for thisnew
design is reduced to less than 1 GIz as the incident angle is steered from normal to 40°.

Tables 5 and 6 summarize the measured 0,5 dB and 20 dI3 transmission loss




bandwidth, respectively, for both the thin and the sandwich I'SS. Note that the frequency
band with a 20 dB transmission 10ss is the 1'SS’s reflection band because most the incident
energy is reflected by the I'SS. Typically, th ¢ rc.fleet ion bandwidth increases (or decreases)
for the TI (or TM) polarization as the incident wave steered from 0° to 40°. Thercfore, the
common reflection bandwidth for both TIXand ‘I'M polarizations is rather mall for the thin
screen 1SS, However, by sandwiching the thinscreen 1SS, the commonreflection bandwidth
increases significantly, as listed in “J able 6.
conclusion

In this paper the design and performance of a single sereen 1SS with gridded square.
loop patchelement arc described for diplexing the X- and Ku-band signals in an OVLBI
carth station reflector antenna system. The validity of the }'SS designs using the gridded
square clement is verified by the excellent agreement obtain ccl between the predicted and
measured results. in addition, the resonant ficquency drift with change of incident angle, is
reduced by 1 G117z as the grid is sandwiched betweentwo 0.035” thick Teflon slabs. It is
recommended to investigate further the integrated dichroic and reflector antenna’s

performance by the analytical technique|9]and measurements.
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TABILY J. Reflector Antenna Requirements

Frequency (G117) ;?;1(hvi(lth (G11z) ikagc Polarization
7.22'«“ _—545 RAI]_)I;OAS'J‘RON [HCP
Uplink
847_? - 0.1 RADIOASTRON RIICP
Downlink
14.2 0.1 - VSOP ])O\Vl)]l:;lk ]VI](#]’ -
15.3 0.1 VSOP Uplink ]JICi’MA -
TABLE 2. The Dimensions (inches) of Gridded Square 1.oop 1'SSs
[Design | w, W, b e
 Thin Sereen | 0022 00413 - |oassz oo
lmproved | 00167 0.0335 02617 |ooer
| N S




TABLE 3. Computed Thin Sereen 1SS Insertion Loss Summary (dB)

i*‘rcqu cncey G;: ~0° - 30° 40°

(GHz) I M TH T™

7.0 .56 84 | 58 1.14 56

8.0 - 04 B I____ 06 17 07

0 2 17 15 16 11

13.5 2 ? N 08 .06 05
14.5 02 01 05 _0_ 2_ 15

15.5 06 14 35 19 68

- TABLE 4. Zomputed Sandwich | 5SS Insertion Loss Summary (413

I"‘rcqucncr— 0, - O° 300 40°

(GHz) 11 ‘J'M JH ‘1'M
7.0 52 15 97 998 58
8.0 01 .04 .03 “ .04 .04
9.0 a7 87 Sl .998 : 35
13.5 14 .09 J2 ,06 A
14.5 .02 ,02 .02 .02 .03
155 .05 08 A4 .09 25




TABLE 5. Measured 0.5 dB TransmissionI.oss Bandwidth (G117)

Thin Screen 1SS

Sandwich I'SS

Angle (deg.) e ‘J'M N T ‘1M

0 7.2- 8,S 7.2 -8,5 7.2 -8.6 7.2 -8.4

15 B 7.2 -8.5 7.2- 8.5 7.2 -8.6 7.3 -8.7

30 7.4 -8.9 7,2 -8.7 7.2 -8.4 7.2 -84

40 ) 7.6 -8.9; o 7.3 -9,0 7. 84 7.1 -8.8

- 7 Common Bandwidth: 7.6 - 8.5 Common Bandwidlh: 7.3- 84
TABLE 6. Mcasured 20 dB Transmission I.0ss Bandwidth (G112)

| vhin Sercen 1SS  |sandwienzss

Angle ((leg) |TE ‘M TI ‘M

0 13.8 -15.5 13.8 -155 139 -15.7 - 14.0 - 15.8

;l o 13.7 -15.3 a 13.8 -1ST 14.0 - 15.6 14.0 -15.6

30 13.5 -15.0 134 -145 13.8 -155 13._9-15?

40 1?34_:14«7 o 13.1 140 13.7 -155 13.9 -15.1 -

Common Bandwidth: 13.8 -14.0

Common Bandwidth: 14.0 -15.1




Figure Titles

1. Scenario of orbiting very long baseline interferometry (OVI.BI).

2,0VI1.Blearth station reflector antenna configuration (drawing, not to scale).

3. Gridded square loop element 1SS design configurations.

4. Predicted transmission performance of the thin semen 1°SS.

5. Comparison of the measurcdand computed transmission performance. of the thin ISS,

30° 114 incidence.

6. Comparison of the measured and computed transmission performance of the thin1¢SS,

30° TMincidence.
7. Predicted transmission] performance of the sandwich 1SS,

8. Comparison of the measured and computed transmission performance of the sandwich

1'SS, 30° TE incidence.

9. Comparison of the measured and computed transmission performance of the sandwich

¥'SS, 30° 'I'™M incidence.
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Figure 2. OVLB1 Larth Station Reflector An teuna Configuration

(drawing not to scale).
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Figure 3. Gri dded Square lLoop Element FSS Design Configm at jons




Figure 4. Predicted Transmission Performance of the Thin Screen 19SS
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